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AIR CONDITIONING DEVICE FOR WORK
VEHICLE

BACKGROUND OF THE INVENTION

The present invention 1s directed to an air conditioning,
device for a work vehicle having a cabin.

Examples of such air conditioning devices for work
vehicles include one where an engine and an air conditioning,
unit are provided to the front of the vehicle body (see, for
example, JP2002-96624 (paragraph numbers 0033, 0036,
FIGS. 1-4, and 7) and another where the engine 1s provided to
the front of the vehicle and the air conditioning unit located in
the upper region of the cabin (see, for example, JP 2005-1537
(paragraph number 0015, FIGS. 1-3).

With the first structure, since the engine and the air condi-
tioming unit are located in the limited area 1n the front of the
vehicle, these components tend to overlap or be crammed
makes their maintenance difficult.

With the second structure, since the air conditioning unit 1s
located 1n the upper portion of the cabin, the center of gravity
of the vehicle 1s high, reducing stability of the vehicle.

SUMMARY OF THE INVENTION

An object of the present invention 1s to 1mprove service-
ability to the engine and the air conditioning unit as well as
stability of the vehicle.

A work vehicle 1mn accordance with the nvention com-
prises: a plurality of wheels; a vehicle body supported by the
plurality of wheels and having a cabin, a front half region and
a rear half region; an engine located in the rear half region of
the vehicle body; and an air conditioning unit located 1n a
lower forward region of the cabin and having an evaporator
and a fan.

Since the engine and the air conditioning unit are distrib-
uted to the vehicle rear and lower front to the vehicle, this
structure facilitates the maintenance work for these parts.

Also, by locating the air conditioming unit in the lower front
of the vehicle, the center of gravity of the vehicle can be
lowered as compared with the air conditioning unit provided
to the upper portion of the cabin. This also allows supplying
of conditioned air not only to the upper body of the operator
but also to lower body without the necessity to extend the air
conditioning duct from the upper portion to the lower portion
of the cabin.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view of the work vehicle,

FIG. 2 1s a plan view of the work vehicle,

FIG. 3 1s a side view showing frame structure of work
vehicle,

FIG. 4 1s a plan view showing frame structure of work
vehicle,

FIG. 5 1s a perspective view showing frame structure of
work vehicle,

FI1G. 6 15 a vertical sectional front view of important section
showing frame structure of work vehicle,

FI1G. 7 1s a vertical sectional front view of important section
showing frame structure below the seat,

FI1G. 8 15 a side view of important section showing the cabin
structure,

FIG. 9 1s a diagrammatic plan view showing locations of
the engine and the air conditioning unit,
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FIG. 10 1s a vertical sectional front view ol important
section showing a support structure for the air conditioning
unit.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In FIG. 1, the entire plan view of the work vehicle suitable
for transporting articles 1s shown, while the side view 1is
shown in FI1G. 2. This work vehicle 1s a four-wheel-drive type
where the power from the engine 2, which 1s supported on the
vehicle frame 1 wvia a vibration insulator, 1s transmitted
through the hydrostatic type continuously variable speed
change device 3 and the gear type speed change device 4, etc.
to a pair of right and left front wheels 5 and the rear wheels 6.

Provided to the front of the vehicle are lower covering 7
that also functions as a front-wheel fender, the upper cover 8
with an opening 1n the upper and lateral central region, and a
hood 9 that can cover and uncover the opening and that can be
opened and closed by pivoting 1t, etc. The accommodation
space formed by them houses the air conditioning unit 10 etc.

Provided in the longitudinally intermediate region of the
vehicle body 1s the operator’s area 13 with the steering wheel
11 for steering the front-wheels and the sofa type seat 12
supported for easy removal, etc. The cabin 14 which forms an
operator space 1s also provided.

Arranged at the back of the vehicle body 1s a loading
platiorm 17 that can pivot, about the laterally extending shaft
16 arranged 1n the rear end part of the vehicle frame 1, by
actuation of the hydraulic dump cylinder 15 arranged above
the gear type speed change device 4.

As shown 1n FIGS. 1-8, the vehicle frame 1 has a welded
integral construction connecting the base frame 18 with the
cabin frame 19 by welding. The cabin frame 19 that 1s con-
structed with sulficient strength to protect a passenger 1s also
adapted to function as a reinforcement member for the vehicle
frame 1.

The base frame 18 1s formed by welding together: a pair of
right and left side member 20; a plurality of cross members
21, a plurality of cabin cross members 22, and the support
frame 23 for air conditioning units etc. The base frame 8, at 1ts
rear, supports the engine 2, and the gear type speed change
device 4, etc. through the support frame 24 with vibration
control connection equipment.

The cabin frame 19 1s formed have a high strength box-like
frame structure by welding together a pair of right and left
side frames 25 that define the doorways, a plurality of cross
members 26, a pair of right and left seat supporting members
277, a connecting member 28 that extends between the front
upper portions of the right and left seat supporting members
277, and a pair of right and left hand rail members 29, etc.

Each of the right and left side frames 25 1s formed by three
dimensionally gently bending a single irregularly shaped pipe
35 with an approximate gourd-shaped cross section, such that
the frame 35 has a three dimensional curve with relatively
small curvature both 1n the lateral direction and longitudinal
direction to improve appearance or an aecrodynamic charac-
teristic, alter which bending, both ends are aligned straight in
the back central location of the frame and are welded, and a
closed-loop 1s formed by grinding and smoothing the welded
jo1nt.

Thus, forming each of the right and left side frames 25 1 a
closed-loop with a three-dimensional curve that can improve
appearance or an aecrodynamic characteristic not only
improves appearance or an aecrodynamic characteristic, but
any external force applied to the cabin frame 19 1s more
readily absorbed and dissipated by the right and left side
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frames 25, which effectively prevents deformation or break-
age, etc. of the cabin frame 19 due to local stress concentra-
tion.

And, since each of the side frames 25 1s formed from a
single irregularly shaped pipe 25, the structure provides better
visibility and larger space because of the narrower frame
width of the side frames 25, while reducing weight and
improving strength of the side frames 235, and reducing the
number of component parts of the side frames 25 and reduc-
ing production costs and improving productivity due to
reduction in the number of welding points and smoothing,
points.

A sheet metal material pressed for greater strength 1s used
as each of the cross members 26 of the cabin frame 19, which
allows reduction 1n weight while maintaining a high degree of
strength 1n the cabin frame 19.

As shown 1n FIGS. 1, 2, and 8, the cabin 14 has the cabin
frame 19 with a seat 12, aroof panel 30, the front panel 31, the
rear panel 32, a pair of right and left door 33 of an out-
swinging type, etc.

The front panel 31 has the transparent curved-surface glass
34 with its peripheral edge part provided with a weather strip
35. The upper edge portion 1s connected with the cabin frame
19 through a pair of right and left hinges 36 and the lower
peripheral portion 1s connected through a pair of right and left
opening-and-closing holding fixture 37. Thus, the opening
and closing of the rear panel 33 by back and forward swing
about the supporting shait 36 A of each hinge 36 as well as
maintaining the panel 1n a desired opeming position and the
closing position are made possible.

The rear panel 32 has the transparent curved-surface glass
38 with its peripheral edge part provided with a weather strip
39. The upper edge portion 1s connected with the cabin frame
19 through a pair of right and left hinges 40 and the lower
peripheral portion 1s connected through a pair of right and left
opening-and-closing holding fixture 41. Thus, the opening
and closing of the rear panel 33 by back and forward swing
about the supporting shaft 40A of each hinge 40 as well as
maintaining the panel in a desired opening position and the
closing position are made possible.

Each door 33 on either side has a frameless construction
with the transparent curved-surface glass 43 which has the
peripheral edge part provided with the weather strip 42, the
outside handle 44 which allows the opening and closing
operation from outside the cabin, and the inner side handle 45
which allows the opening and closing operation from inside
the cabin, and the holding mechanism 46 with allows the
release operation from inside and outside the cabin. The rear
edge of the door 33 is connected through the upper and the
lower hinges 47, which permit lateral opeming and closing
operations about a rear pivoting axis, 1.¢. the pivot shaft 47A
of each hinge 47. As the door 33 1s closed, and as the door 33
reaches a predetermined closed position, the holding mecha-
nism 46 engages the fixing bracket provided to the cabin
frame 19 to hold the door 34 1n the closed position.

Because glass with curved-surface 34, 38, and 43 1s used
for the front panel 31, the rear panel 32, and right and left
doors 33 that are operable to be opened and closed as men-
tioned above, the shape retaining characteristic 1s high which
clfectively prevents bending deformation resulting from an
oscillation of the vehicle body etc. This helps each member,
when 1n the closed position, to maintain the degree of adher-
ence to the cabin frame 19 leading to outstanding waterproof
and airtight characteristics resulting in improvement 1n coms-
tort level of the cabin 14.

As shown 1n FIGS. 1 and 2, and 9, an engine 2 1s aligned
such that the output shait (not shown) extends along with the
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lateral direction of the vehicle body and 1s positioned 1n the
rear of the vehicle body such that 1ts front part overlaps with
the side of acabin 14 1n side view. The gear type speed change
device 4 1s directly coupled with the back end of the engine 2,
and the hydrostatic type continuously variable speed change
device 3 1s connected to the back end of the gear type speed
change device 4.

That 1s, by locating the engine 2 in the rear of the vehicle,
spaced apart from the air conditioning unit 10 1n the front, it
became easier to service both the engine 2 and the air condi-
tioning umt 10 compared with the arrangement where the
engine 2 and the air conditioning unit 10 are located within an
enclosed space 1n the front of the vehicle.

The radiator 49 with an electric cooling fan 48 and an o1l
cooler 50 for cooling o1l to be supplied to a hydraulic power
steering unit (not shown) are arranged to the left of the engine
with the fan 48 and the cooler 50 facing toward left front. A
fuel tank 51, etc. are located to the right of the engine 2.

The entire longitudinal length of the vehicle can be made
smaller by positioning the radiator 49 and the o1l cooler on
one side of the engine 2, and the fuel tank 51 on the other side
of the engine 2 as compared with the arrangement where the
radiator 49 etc. are located either forwardly of the engine 2 or

rearwardly of the engine 2. The balance of the vehicle weight
as well as itake flow of cooling air can also be improved.

As shown in FIGS. 1 to 5, 9 and 10, the support frame 23
has metal plate support members 52 that are welded to right
and left side of the frame 23 and that are located at a relatively
high location to receive the upper ends of the front wheel
suspensions 33.

The air conditioning unit 10 has an evaporator 55 and a
heater element 56 arranged 1n a fore and ait direction within
its resin casing 54 and has low profile with the rotation shatt
of the 1ts sirocco fan 57 arranged vertically. The air condi-
tioning unit 10 1s supported by and mounted to the support
frame 23.

That 1s, by utilizing a low profile air conditioning unit 10,
the unit 10 can be arranged between the support frame 23 that
receives the upper ends of the front wheel suspensions 53 and
the upper cover 8 and the hood 9 without raising the upper end
regions of the upper cover 8 and the hood 9. This helps avoid
narrowing of field of view 1n the lower front direction of the
vehicle and raising of the center of gravity of the vehicle,
which happens when the seat 12 and the roof panel 30 need to
be raised to secure the field of view. The air conditioning unit
10 may be located 1n the front lower portion of the cabin 14
without these inconveniences.

Also, by locating the air conditioning unit 10 in the lower
front of the cabin 14, the center of gravity of the vehicle can
be substantially lowered as compared with the air condition-
ing unit 10 provided to the upper portion of the cabin 14. This
also allows supplying of conditioned air from a plurality of
the outlets 59A provided to the mstrument panel 39 1n the
cabin to the upper body of the operator as well as the lower
body simply by providing the air conditioning duct 58 for
guiding the conditioned air toward inside the cabin 14 from
the air conditioning unit 10 without the necessity to extend the
air conditioning duct from the upper portion to the lower
portion of the cabin.

As shown 1 FIGS. 1, 2, and 9, a plurality of air inlet
openings 7A are provided in the front laterally central region
of thelower cover 7. An air conditioning condenser 61 with an
clectronic cooling fan 60 and a receiver tank 62 are provided
between the air inlet openings 7A and the support frame 23
within the accommodating space formed by the lower cover
7, etc.
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As shown 1n FIG. 10, the condenser 61 1s located lower
than and forwardly of the air conditioming unit and between

the right and left front suspensions 33.

Therefore, cooling air created by the cooling fan 48 1s
supplied to the radiator 49 and the o1l cooler 50 located 1n the
rear of the vehicle and the cooling fan 60 supplies cooling air
to the condenser 61 located 1n the front of the vehicle. This
allows more elficient cooling compared with an arrangement
where a single fan 1s used to supply cooling air to these parts.

As shown 1 FIG. 9, an air conditioner compressor 64,
driven by the power of the engine 2 transmitted thereto by a
transmission belt 64, 1s provided to the left of the engine 2.

This structure allows the loading platform, located above
the engine 2 and the compressor 64, to be positioned at a
lower level, compared with an arrangement where the com-
pressor 64 1s located above the engine 2, thus lowering the
center of gravity of the vehicle and facilitating loading of
objects onto the loading platform 17.

As shown 1n FIGS. 2, 4, 5, 7, and 9, a covering 66 made
with sheet metal for covering the opening 63 formed between
the seat support members 27 1s attached such that the covering,
can be easily removed. Supplying o1l to the o1l tank 67 for the
power steering unit arranged at the back lower part of the
cabin 14 etc. can be easily performed by uncovering the
opening 65 by removing this covering 66 and the seat 12.

The air cleaner 68 1s arranged under the right-hand side seat
support member 27. Flements of this air cleaner 68 can be
casily replaced by removing the covering 69 that 1s removably
bolt-connected to the right side part of the right-hand side seat
support component 27.

OTHER EMBODIMENTS

[ 1] The work vehicle may be agricultural work vehicle such as
a tractor or a combine, or a construction vehicle such as a
back hoe, and a foi1l loader, etc.

[ 2] The cabin 14 may be detachably attached to the base frame
18 or supported to the base frame with one or more of
vibration 1solator(s).

[3] Various modifications may be made to the structure of the
cabin 14. For example, a door 33 can be provided only to
one side of the vehicle. Or a door 33 that opens and closes
by shiding may be used. Metal sheets or a rectangular pipe
material may be used for the side frames 25. The front
panel 31, the rear panel 32, or the night or left door 14 may
use a flat sheet glass, or polycarbonate resin plate, which 1s
lighter, easier to deal with, and stronger than glass, or
acrylic plate, which 1s lighter, more transparent, more
weather resistant, and stronger against impact than glass.

[4] The compressor 64 may be located to the right of or above
the engine 2.

[ 5] The condenser 61 may cooled by air flowing through the
inlet openings 7A of the lower cover 7 when vehicle 1s
running without providing the cooling fan 60 for the con-
denser.

[6] A radiator 49 with an electric cooling fan 48 may be
provided to one lateral side of the engine 2 with the radiator
49 facing toward an outer rearward direction. The radiator
49 may be oriented laterally.

[7] The radiator 49 with an electric cooling fan 48 may be
provided to one lateral side of the engine 2 and the con-
denser 61 with an electric cooling fan 60 to the other lateral
side of the engine 2 with each facing outwardly and for-
wardly so as to supply cooling air from the right and left
cooling fans 48 and 60 to the engine 2.

[8] An air conditioning unit 10 with a fan 57 oriented verti-
cally may be utilized.
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What 1s claimed 1s:

1. A work vehicle comprising:

a pair ol front wheels;

a pair of rear wheels;

a vehicle body framework including;:

a base frame supporting the pair of front wheels and the
pair of rear wheels;

a cabin frame provided integral with the base frame at a
tore/aft center of the base frame to form a cabin of the
vehicle;

a pair of right and left side members having a front half
region and a rear half region; and

a support frame located forwardly of the cabin frame and
upwardly of the right/left side members;

front wheel suspensions located under the support frame,
cach of the front wheel suspensions having an upper end
thereol supported by the support frame;

an upper cover located 1n front of the cabin, the upper cover
having a hood for covering and uncovering an opening in
the upper cover;

an engine located downwardly of the rear half region of the
side members;

a loading platform located upwardly of the rear half region
of the side members;

an air conditioning unit housed under the hood, the air
conditioning unit including:

a casing;

an evaporator housed 1n the casing and directly sup-
ported by the support frame; and

a Tan having a rotational axis that extends vertically, the
fan generating airflow radial-outwardly of the vertical
rotational axis such that the airflow can be supplied to
the evaporator through the casing;

wherein an upper portion of the support frame 1s located
upwardly of a forward portion of the base frame and
downwardly of the hood to define an accommodating
space for the air conditioning unit between the hood and
the support frame; and

a condenser for the air conditioning unit located in the
accommodation space, wherein the condenser 1s located
below and forwardly of the air conditioning unit and on
and between the right/left side members.

2. A work vehicle according to claim 1 further comprising:

a compressor for the air conditioning unit located down-
wardly of the rear half region of the side members and
laterally of the engine.

3. A work vehicle according to claim 1 further comprising:

a radiator for cooling the engine, the radiator being located
downwardly of the rear half region of the side members.

4. A work vehicle according to claim 1 further comprising:

a radiator for cooling the engine, the radiator being located
downwardly of the rear half region of the side members
and on one of a right lateral side and a left lateral side of
the engine;

a fuel tank located downwardly of the rear half region of the
stde members and on the other of the right lateral side
and the left lateral side of the engine.

5. A work vehicle according to claim 1 further comprising:

a heater located 1n a front of the evaporator for heating the
evaporator;

a duct extending substantially across a lateral width of the
cabin for guiding conditioned air from the air condition-
ing unit; and

a plurality of outlets provided rearwardly of the duct and
arranged substantially across the lateral width of the
cabin for supplying the conditioned air from the duct
toward the inside of the cabin;
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wherein the fan 1s located at one of right and left sides of the
vehicle and the heater and evaporator are located at a
right/left center of the vehicle, and wherein the condi-
tioned air 1s supplied from the accommodating space for
the air conditioning unit defined between the hood and
the support frame through the duct and the plurality of
outlets toward an inside of the cabin.

6. A work vehicle comprising;

a cabin located at a fore/aft intermediate position of a

vehicle body;
an engine located at a rear portion of the vehicle body

behind the cabin;

a loading platform located at the rear portion of the vehicle
body above the engine;

an upper cover located at a forward portion of the vehicle
body 1n front of the cabin, the upper cover having a
pivotable hood for covering and uncovering an upper
side of the forward portion of the vehicle body;

a base frame supporting right/lett front wheels and right/
left rear wheels:

a support frame disposed at a forward portion of the base
frame forwardly of the cabin and comprising support
members supporting upper ends of right/left front wheel
suspensions, the support frame having an upper portion
thereof located above the forward portion of the base
frame and below the hood to define a first space between
the support frame and the hood,;

an air conditioning unit disposed 1n a horizontally-placed
posture with a rotational axis of a fan thereof extending
vertically, the air conditioning unit being located within
the first space between the support frame and the hood
and directly supported by the support frame;

a lower cover located at the forward portion of the vehicle
body and forwardly of the cabin for covering a lower
side of the forward portion of the vehicle body;

wherein the support frame defines a second space between
the support frame and a right/left center of a forward
portion of the lower cover;

wherein the forward portion of the base frame includes a
pair of right/leit side members; and

wherein a horizontally-elongated condenser for the air
conditioning unit 1s placed 1n a vertically-placed posture
on and between the right/left side members and within
the second space between the support frame and the
right/left center of the forward portion of the lower cover
to be below and forward of the air conditioning unait.

7. A work vehicle according to claim 6, wherein the base
frame has a rearward portion thereof behind the cabin for
supporting the right/left rear wheels, the rearward portion of
the base frame being positioned upwardly of the forward
portion of the base frame; and

wherein the loading platform 1s mounted upwardly of the
rearward portion of the base frame, the engine 1s located
below the rearward portion of the base frame and at the
right/left center of the vehicle body, and a compressor 1s
located below the loading platform and on a lateral side
of the engine.

8. A work vehicle according to claim 7 further comprising

a radiator located within a third space defined at the rearward
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portion of the vehicle body below the loading platform and on
one lateral side of the engine between the cabin and the
right/left rear wheels.

9. A work vehicle according to claim 8 further comprising
a fuel tank located within a fourth space defined at the rear-
ward portion of the vehicle body below the loading platform
and on the other lateral side of the engine between the cabin
and the right/left rear wheels.

10. A work vehicle comprising:
a vehicle frame supporting a pair of front wheels and a pair

of rear wheels and comprising:

a base frame comprising a pair of left and right side
members, at least one cross member, and a support
frame supported at an elevated location above the left
and right side members; and

a cabin frame connected with the base frame in the
longitudinally intermediate region of the wvehicle
frame, the cabin frame comprising a pair of left and
right side frames and at least one cross member to
form an operator cabin, the base frame comprising a
front region disposed forward of the cabin formed by

the cabin frame and a rear region disposed rearward of

the cabin formed by the cabin frame, the support

rame provided in the front region of the base frame;

front wheel suspensions located under the support frame

and laterally outside of the respective left and right side

members, each of the front wheel suspensions having an
upper end thereof supported by the support frame;

an engine supported by the base frame 1n the rear region
thereof;

air conditioning unit directly supported by the support
frame and comprising;:
an evaporator; and
a Tan adjacent the evaporator and having a vertical rota-

tional axis to generate radial-outwardly directed air-
flow to the evaporator; and

a condenser for the air conditioning unit supported on and
between the left and right side members of the base
frame to be located below and forwardly of the air con-
ditioning unit 1n the front region of the base frame and
between the front wheel suspensions.

11. A work vehicle according to claim 10 further compris-

ng:

a compressor for the air conditioning umt located down-
wardly of the rear half region of the side members and
laterally of the engine.

12. A work vehicle according to claim 10 further compris-

ng:

a radiator for cooling the engine, the radiator being located
downwardly of the rear half region of the side members.

13. A work vehicle according to claim 10 further compris-

ng:

a radiator for cooling the engine, the radiator being located
downwardly of the rear half region of the side members
and on one of a right lateral side and a left lateral side of
the engine; and

a Tuel tank located downwardly of the rear half region of the
side members and on the other of the right lateral side
and the left lateral side of the engine.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 7,913,505 B2 Page 1 of 1
APPLICATION NO. : 11/511864

DATED : March 29, 2011

INVENTOR(S) : Nakamura

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the title page, item [56]: References Cited, Other Publications, “2003 Porsche Boxter™ should read
-- 2003 Porsche Boxster --

Claim 10, col. 8, line 31, paragraph beginning “air conditioning™ should begin
-- an air conditioning --

Signed and Sealed this
Sixth Day of September, 2011
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